This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited. play a role in advanced laparoscopic surgery. A robotic system was first applied to gastric cancer surgery in 1997, but reports on robotic gastrectomy are sparse owing to its slow adoption in many countries. After Song et al. 1 reported on a large series of robotic surgeries for gastric cancer in 2005, the procedure gradually increased in popularity among several tertiary hospitals in Korea.
The most important clinical question regarding use of a robotic system vs. conventional open or laparoscopic surgery for gastric cancer is whether there is an objective benefit to compensate for its high expense. Laparoscopic gastrectomy has long been promoted for feasibility and efficacy for gastric cancer [2] [3] [4] and ultimately has proven to be superior to open surgery in terms of postoperative quality of life, shortened hospital stay, and improved postoperative pain. 5 Several studies have demonstrated that robotic gastrectomy is comparable to laparoscopic gastrectomy in terms of feasibility and safety, but few have shown a definite benefit of robotics over the laparoscopic approach, and most studies included their initial learning experience in the analysis. 1, [6] [7] [8] It would be easy to justify adopting robotic gastrectomy, in spite of its high cost, if there were any specific value. Considering the time it takes to master the standard operative technique with newly adopted instruments, an unbiased assessment of robotic gastrectomy after the initial learning experience is necessary.
This study investigated 200 consecutive cases of robotic gastrectomy in a single institution and compared the surgical outcomes between the initial 100 and later 100 cases. We aimed to evaluate the improvement in surgical outcomes associated with the learning experience of robot-assisted gastrectomy and to investigate the possible benefit of robotic assistance in gastric cancer surgery after sufficient experience.
Materials and Methods
Study design and inclusion criteria
A robotic system was first used for gastric cancer surgery at the The prospectively established database and medical records of these patients were retrospectively reviewed.
Operative procedures
The da Vinci ® Surgical System (Intuitive Surgical Inc., Sunnyvale, CA, USA) was used for all robotic procedures. The procedures were performed by 3 surgeons who were all highly experienced in conventional laparoscopic gastrectomy. These surgeons all completed at least 200 laparoscopic gastrectomies prior to performing robotic surgery. The operation was performed according to the institutionally standardized operative rules: (1) partial omentectomy, (2) resection margin more than 2 cm from the primary tumor, and geon's preference. The procedure itself was similar to conventional laparoscopic procedures described previously. 8, 9 After dissection and full mobilization of the stomach, the robotic arms were undocked from the patient. All anastomoses were performed extracorporeally via a 4 to 6 cm mini-laparotomy incision in the epigastrium. The final pathologic report revealed that 22 patients had cancers beyond stage II, and 31 patients showed lymph node metastasis. Resection margins were tumor-free in all patients ( Table 2 ).
Surgical and oncologic outcomes

Postoperative complications
Twenty patients (10%) developed postoperative complications ( Table 3) . Half of them developed mild complications, such ±13.4, P=0.032). Blood loss during surgery and the incidence of Table 3 postoperative complications did not differ between the 2 groups.
Duration of hospital stay was shorter in the latter than in the earlier 100 cases, but the difference was not statistically significant (P=0.092). Mean length of hospital stay after surgery in complicated cases was compared between the 2 groups (Fig. 1) . Although the incidence and severity distribution were not different between the 2 groups, the median length of stay of 8 patients with complications in the initial 100 cases was significantly longer than that of 12 patients in the latter 100 cases (16 vs. 7 days, P=0.005, Mann-Whitney U test). Subgroup analysis according to surgical extent showed similar results (Table 5 ). Operating time was significantly decreased in the latter 100 cases, both in subtotal and total gastrectomy (P ＜0.001 and =0.003, respectively). The number of retrieved lymph nodes was greater in the latter 100 cases, both in subtotal and total gastrectomy, but the difference was not statistically significant (P=0.243 and 0.091, respectively).
Relationship between operating time and accumulation of experience
Operating time gradually decreased along with the accumulation of surgical experience in 2 participating surgeons (Fig. 2) . For one surgeon who only performed robotic surgery in 11 cases, no significant correlation to improved operating time could be demonstrated. Operating time during subtotal gastrectomy was inversely related to the number of robotic surgeries performed and revealed statistical significance in both surgeon I and II (P＜0.001 and P=0.037, respectively). Likewise, a decreasing trend in operating time was seen during total gastrectomy, but the relationship was 
Discussion
Robotic gastrectomy is reported to be increasingly performed in Korea over the last 7 years. 12 Nonetheless, evidence for the effectiveness of robotic surgery for gastric cancer is limited. Only several case series have been published so far, mostly by Eastern Asian centers, 1,13-16 and prospectively randomized controlled trials (RCTs)
reporting on safety and feasibility have not yet been published. 12 By contrast, the value, safety, and feasibility of laparoscopic surgery for early gastric cancer has been proven in several RCTs. 2, 3, 5, 17 Robotic surgery is assumed to improve short-term patient outcomes such as length of postoperative hospital stay, frequency of postoperative complications, and quality of life. 12 However, all previous stud-
ies have failed to demonstrate the superiority of robotic surgery as compared to the laparoscopic approach. Our previous study revealed that surgical trauma in terms of cytokine response was not reduced in robotic surgery patients as compared with laparoscopically resected patients. 18 The main focus of our analysis was to see whether increasing experience with robotic gastrectomy could improve the quality of surgery after the known learning curve of 20 initial cases. 19 We found that gaining experience with the robotic procedure translated into improved outcomes, especially in terms of operating time and number of dissected lymph nodes. Blood loss within our cohort lies within the range of other published series. 1, [6] [7] [8] [13] [14] [15] [16] [17] [20] [21] [22] [23] [24] We also found a marked reduction in blood loss within our cohort after the first 100 cases of surgical experience, but it was not statistically significant. 25 We report a postoperative complication rate of 10%, which compared to previously published studies, is acceptable. European studies reported postoperative complication rates of up to 46% 20, 21, 23 whereas Asian studies demonstrate postoperative complication rates of 10% to 15%. 1, [6] [7] [8] [13] [14] [15] 22, 24 The high complication rates from European publications may be explained by the relatively lower caseload due to reduced gastric cancer incidence. It is also conceivable that less experience in minimally invasive (laparoscopic) surgery for gastric cancer may explain the higher European complication rates. The classification of complication might have been different as well, especially when the Accordion Severity Grading System was applied. 10 Nonetheless, postoperative stay in the present study is among the shortest compared to other published studies. This might be, in part, due to the low postoperative morbidity rate of 10%. Furthermore, the median length of hospital stay for complicated patients was markedly decreased in the later 100 cases. This suggests that surgical outcomes regarding the severity of postoperative complications improve with the accumulation of experience in robotic gastrectomy.
A crucial aspect of curative resection for gastric cancer patients is adequate lymphadenectomy. We found an increased number of dissected lymph nodes in the second 100 patients. Therefore, we believe that lymph node retrieval improves with increasing experience with the robotic procedure. Although the benefit of lymph node dissection in gastric cancer treatment is still controversial in Europe, 26, 27 improved lymph node retrieval could be an advantage of robot-assisted surgery. The 3-dimensional and other enhanced imaging techniques used in robotic surgery to identify lymph nodes may contribute to an improved oncologic outcome for patients. 15 Within our patient cohort, a mean number of 38 lymph nodes were dissected, indicating appropriate lymphadenectomy as compared to previously published papers. 1, [6] [7] [8] [13] [14] [15] [16] [17] [20] [21] [22] [23] [24] Interestingly, European case series reveal lower numbers of resected nodes compared to Asian reports, suggesting that traditional experience with D2 dissection translates into successful application of the robotic procedure. When robot-assisted resection was compared to laparoscopic resection in previous reports, there was no inferiority of lymph node retrieval for the robotic procedure, indicating that adequate lymphadenectomy is safe and feasible in robotic gastrectomy. [6] [7] [8] 24 The present study has several limitations. It was based on a retrospective analysis, which could have led to a selection bias. One of the participating surgeons contributed only 11 cases out of 200, and his experience gained might be questionable. The surgical outcomes
were not properly stratified according to the additional combined surgical procedures, such as cholecystectomy or splenectomy.
In conclusion, we found that increased experience with the robotic procedure for gastric cancer surgery translated into improved outcomes, especially in operating time and number of dissected lymph nodes. Prospective trials will have to focus on patient benefit and outcome. Improvements in lymphadenectomy may be conceivable due to the technical advantages of the robotic device compared to laparoscopic procedures.
